Background. The prognostic significance of the neutrophil-to-lymphocyte ratio (NLR) in nonmetastatic renal cell carcinoma (nonmRCC) is controversial, although NLR has been established as a prognostic factor in several cancers. The objective of our study was to assess the prognostic significance of preoperative NLR in non-mRCC, based on a large, multicenter cohort analysis. Methods. Totally, 1,284 non-mRCC patients undergoing surgery were enrolled from six institutions between 2000 and 2014. Recurrence-free survival (RFS) and cancer-specific survival (CSS) were calculated, and the prognostic significance of NLR was evaluated. Results. Patients with higher NLR had larger tumors ( < 0.001), higher T stage ( < 0.001), worse Eastern Cooperative Oncology Group performance status ( < 0.001), worse symptoms ( = 0.003), sarcomatoid differentiation ( = 0.004), and tumor necrosis ( < 0.001). The 5-year RFS and CSS rates were significantly lower in patients with high NLR than in those with low NLR (each < 0.001). Multivariate analysis identified NLR to be an independent predictor of RFS and CSS (each < 0.05). Moreover, predictive accuracy of multivariate models for RFS and CSS increased by 2.2% and 4.2%, respectively, with NLR inclusion. Conclusions. Higher NLR was associated with worse clinical behavior of non-mRCC. Also, NLR was a significant prognostic factor of both RFS and CSS.
Introduction
Renal cell carcinoma (RCC) accounts for 3-4% of all adult malignancies, and its incidence rate has been steadily increasing worldwide [1] . In the United States, the estimated numbers of new cases and deaths in 2015 were 61,560 and 14,080, respectively [1] . Therefore, it is essential to optimize decision making in treatment and prognosis of RCC and to provide better counseling for each RCC patient. Until now, many characteristics of RCC itself and patients have been suggested as possible prognostic factors. However, only a few, including pathological stage and Fuhrman grade, are undisputed prognostic factors for RCC, especially nonmetastatic RCC (nonmRCC) [2] .
Inflammation has an impact on tumorigenesis and tumor progression [3] . In addition, inflammation has been recently shown to predict the prognosis of various operable cancers [4] . As inflammation is easily accessible, can be measured reliably, and can be incorporated into the tumor staging system [4] , its use as a prognostic factor seems promising.
Of the many hematological and biochemical markers for systemic inflammatory response, neutrophil-to-lymphocyte TNM, tumor-node-metastasis; NLR, neutrophil-to-lymphocyte ratio; RFS, recurrence-free survival; CSS, cancer-specific survival; necrosis, tumor necrosis; NA, not available; ECOG PS, Eastern Cooperative Oncology Group performance status; MVI, microvascular invasion; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; Sx, symptoms at presentation; DM, diabetes mellitus; HTN, hypertension. ratio (NLR) has been introduced relatively recently [5] . Neutrophils represent the inflammatory response, whereas lymphocytes reflect cell-mediated immunity [3] . Therefore, NLR may be a better indicator of inflammation compared to existing conventional markers. Furthermore, NLR is an inexpensive, easily accessible, and widely available marker. Initially, NLR was validated as a prognostic factor of major cardiac events [6, 7] . Since then, it has been established as a prognostic factor in several cancers including hepatocellular carcinoma and colorectal cancer [8] [9] [10] .
Multiple studies suggested that NLR might be a prognostic factor in mRCC, irrespective of the treatment method [8, [11] [12] [13] . However, the few studies investigating the prognostic significance of NLR in non-mRCC have reported conflicting results [14] [15] [16] [17] [18] [19] [20] [21] [22] . Furthermore, previous studies were smallscale and lacked other possible prognostic factors as confounding variables (Table 1) .
We assessed the prognostic significance of NLR in a large, multicenter cohort of non-mRCC patients. To our knowledge, this is the largest scale study conducted in the field, which also included the most widely accepted prognostic factors.
Patients and Methods

Patients.
Approval for the study was obtained from the relevant institutional ethics committee. A total of 3,410 patients with RCC underwent curative partial or radical nephrectomy at six institutions between 2000 and 2014. We consecutively excluded 239 patients with lymph node and/or distant metastasis immediately after surgery, 574 patients who did not have any of the three major RCC subtypes (clear cell, papillary, and chromophobe variants), 351 patients with postoperative follow-up durations within 3 months, and 962 patients with unavailable data on at least one of the relevant parameters. Only patients with complete absolute neutrophil count (ANC) and absolute lymphocyte count (ALC) data within the 2 weeks before surgery were included in the study. Finally, 1,284 non-mRCC patients (pathologically, TxN0M0) from any of the three major RCC subtypes were included in this study and retrospectively reviewed.
2.2.
Variables. The characteristics of RCC and patients are detailed in Table 2 .
For most patients, postoperative follow-up was scheduled every 3 months for 6 months, every 6 months for the next 3 years, and yearly thereafter. NLR was defined as the ANC divided by the ALC. The general health status was determined by the Eastern Cooperative Oncology Group performance status (ECOG PS). Tumor size was measured as the greatest diameter of the pathologic specimen. Pathologic staging was performed using the 2002 tumor-node-metastasis (TNM) classification system, and grading was performed using Fuhrman nuclear grading system. The histologic subtype was determined using the 2004 World Health Organization (WHO) international histological classification of tumors. For all specimens, urologic pathologists of each institution determined the pathologic features of the tumor. Recurrencefree survival (RFS) and cancer-specific survival (CSS) were calculated from the date of surgery to the date of recurrence and RCC-specific death, respectively, and were confirmed by imaging studies.
Statistical Analysis.
The primary endpoints were RFS and CSS. The ideal cut-off level of NLR was estimated by testing all possible cut-off levels that were likely to discriminate between survival and recurrence and RCC-specific death, using the Cox proportional hazard model. The ideal cut-off level determined was then rounded to clinically relevant levels [11] . To compare the relationship between the characteristics of RCC and the patients, Student t-test, Pearson chi-squared test, or Fisher exact test stratified by NLR was used.
The RFS and CSS rates were calculated using the KaplanMeier method stratified by NLR, and the log-rank test was used to compare the groups. The prognostic significance of NLR as a continuous and categorical variable was evaluated using variables entered into the Cox proportional hazards model. The variables analyzed included patient age, gender, body mass index (BMI), ECOG PS, symptoms at presentation, tumor size, pathologic T stage, Fuhrman grade, histologic subtype, sarcomatoid differentiation, and tumor necrosis. The accuracy of NLR in predicting RFS and CSS was reflected by Harrell concordance index (c-index) calculated using the Cox proportional hazard models with and without the incorporation of NLR.
All tests were two-sided, and < 0.05 was considered statistically significant. Survival, the Cox regression method in R 3.2.2 (R Development Core Team, Vienna, Austria, https://www.R-project.org/) was used to calculate the cindex, whereas IBM SPSS Statistics for Windows, version 21.0 (IBM Corp., Armonk, NY, USA) was used for other statistical assessments.
Results
The Association between Clinical and Pathologic
Characteristics and NLR. A cut-off NLR level of 3.7 was estimated to be the optimal cut-off level for discriminating between patients' recurrences (hazard ratio (HR) = 3.049, 95% confidence interval (CI) = 2.015-4.614, and < 0.001). The same NLR cut-off level was effective for discriminating between patients' RCC-specific deaths (HR = 4.947, 95% CI = 2.766-8.849, and < 0.001). Based on these results, the NLR cutoff level of 3.7 was used in all subsequent analyses (low NLR, <3.7; high NLR, ≥3.7).
The mean follow-up period was 46.8 months for all patients (median 39 months; interquartile range, 19-69 months). The mean NLRs of patients with low and high NLR were 1.8 ± 0.7 and 6.0 ± 3.2, respectively ( < 0.001). Table 1 shows the association of NLR with different clinical and pathological characteristics. Patients with high NLR differed significantly from those with low NLR in various parameters. Patients with high NLR were older ( = 0.001) and had higher ECOG PS ( < 0.001) and T stage ( < 0.001) and larger tumors ( < 0.001) compared to those with low NLR. Patients with high NLR also had greater symptom ratios ( = 0.003), sarcomatoid differentiation ratios ( = 0.004), and tumor necrosis ratios ( < 0.001).
Recurrence-Free Survival in relation to NLR.
During follow-up, 142 (11.1%) patients had recurrence ( Table 2 ). The 5-year RFS rates were 71.6% in patients with high NLR and 88.2% in those with low NLR. The 5-year RFS rate was significantly lower in patients with high NLR than in those with low NLR ( < 0.001; Figure 1(a) ).
Multivariate analysis identified NLR to be an independent predictor of RFS (HR of NLR as a continuous variable = 1.081, = 0.028; HR of NLR as a categorical variable = 1.788, = 0.009; Table 3 ). The predictive accuracy of the multivariate model with NLR was 81.1%, whereas that of the multivariate model without NLR was 78.9%.
Cancer-Specific Survival in relation to NLR.
During follow-up, 56 (4.4%) patients died of RCC-related causes ( Table 2 ). The 5-year CSS rates were 84.2% in patients with high NLR and 96.4% in those with low NLR. The 5-year CSS rate was significantly lower in patients with high NLR than in those with low NLR ( < 0.001; Figure 1(b) ).
Multivariate analysis identified NLR to be an independent predictor of CSS (HR of NLR as a continuous variable = 1.156, = 0.009; HR of NLR as a categorical variable = 2.566, = 0.004; Table 4 ). The predictive accuracy of the multivariate model with NLR was 87.9%, whereas that of the multivariate model without NLR was 83.7%.
Discussion
In this study, NLR was identified to be a significant prognostic factor of both RFS and CSS in patients with nonmRCC, even when the models were adjusted for other wellknown prognostic factors. The predictive accuracy of the multivariate models for RFS and CSS increased by 2.2% and 4.2%, respectively, with NLR inclusion. The present study had several strengths, compared to the previous studies in the field (Table 1) . Firstly, this was the largest study that included the three major histologic subtypes of RCC. Secondly, while the present study evaluated both RFS and CSS, most of the previous studies did not evaluate CSS. The identification of CSS as well as RFS is a corner stone to prove the prognostic value of NLR. Finally, the present study included the most widely accepted independent prognostic factors of non-mRCC, including age, gender, and BMI; ECOG PS; symptoms at presentation; tumor size, stage, and grade; histologic subtype, sarcomatoid differentiation, and tumor necrosis.
In terms of clinical and pathologic characteristics at diagnosis, patients with high NLR differed significantly from those with low NLR in various parameters. Patients with high NLR had a larger tumor, a higher T stage, worse ECOG PS, worse symptoms, sarcomatoid differentiation, and tumor necrosis. These results are similar to those reported in previous studies [17, 18, 20] , suggesting that higher NLR may be associated with worse clinical behavior of non-mRCC.
NLR was shown to be a possible prognostic factor for mRCC in multiple studies, irrespective of the treatment method [8, [11] [12] [13] . However, studies concerning the prognostic significance of NLR for non-mRCC are scarce, with conflicting results. Some studies did not show a relationship between NLR and non-mRCC prognosis [16, 22] , while others did [14, 15, [18] [19] [20] [21] . Interestingly, one study reported different results for RFS and CSS [17] . These conflicting results may partly be because previous studies were relatively small-scale and lacked other possible prognostic factors as confounding variables (Table 1 ).
An important point is that most of the previous studies incorporated NLR as a categorical variable in their models. The use of a continuous variable reflects an intrinsic effect, whereas that of a categorical variable seems to adjust itself and to be created [23] . In addition, it is difficult to interpret the prognostic value of NLR using different cut-off levels, although most studies including the present one showed that the cut-off levels of NLR were in the range 3-4 ( Table 1) . In this respect, it is remarkable that NLR was not only used as a categorical variable but also as a continuous variable in this study. We identified that NLR as a continuous variable was also an independent prognostic factor. Interestingly, NLR cut-off level of 3.7 was estimated for CSS as well as RFS in this study. Considering that CSS is in alignment with RFS in nonmRCC, these results may strengthen our conclusion.
It is well known that inflammation affects tumorigenesis and progression [3, 17] . Neutrophils represent the inflammatory response, whereas lymphocytes reflect cell-mediated immunity [3] . Therefore, a high NLR reflects both an increased inflammatory and a decreased antitumor immune response, suggesting a possible contribution to aggressive tumor biology, tumor progression, and poor survival [17] . In various cancers including hepatocellular carcinoma and colorectal cancer, high NLR was associated with poor outcome [9, 10] . This was also supported by the results of our clinical study, which showed that higher NLR was likely to be associated with worse clinical behavior and indicated poor prognosis for RFS and CSS.
In contrast to our findings, some studies did not show a relationship between NLR and non-mRCC prognosis [16, 22] . In a study of 678 patients with cRCC, Pichler et al. [16] reported that NLR was not an independent prognostic factor for CSS or metastasis-free survival. However, NLR was only included as a categorical variable in this analysis. Certainly, a specified cut-off level may create a false or misleading association. Furthermore, they only analyzed patients with cRCC. As RCC is a heterogeneous and complex disease [24, 25] , its results may not be directly applicable to patients with noncRCC. In a study of 228 patients with non-mRCC, Jagdev et al. [22] reported that NLR was not an independent prognostic factor for disease-free survival. However, their study involved only a small number of patients. Furthermore, as their study did not focus on NLR, the data on NLR were insufficient and were logarithmically transformed for analysis.
This study also had a few limitations. Firstly, data were retrospectively collected. Secondly, preoperative conditions such as chronic infection and chronic disease, which might affect the level of NLR, were not included. However, it is impossible to identify all the conditions associated with the NLR level in the clinical setting. Therefore, this study may be a better representation of the prognostic significance of NLR in actual practice. Lastly, this study lacked a central review of pathology, although most of the previous large multicenter studies did. Instead, urologic pathologists determined all pathologic features at each institution.
Despite limitations, it is noted that this study is the largest in the field, incorporating the most widely accepted independent prognostic factors of non-mRCC and evaluating both RFS and CSS.
Conclusion
This study showed that patients with high NLR differed significantly from those with low NLR in various clinical and pathologic parameters, suggesting that higher NLR may indicate worse clinical behavior of non-mRCC. In addition, NLR was a significant prognostic factor of both RFS and CSS, and incorporation of NLR into conventional prognostic predictors increased the predictive accuracy by 2.2% and 4.2%, respectively. This study suggests that the use of preoperative NLR may be helpful in counseling and clinical trial design in patients with non-mRCC.
